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Abstract  
Kitchen waste may cause the environment pollution and threaten the humans’ health. Simultaneously, it also has resourcing value. 
Fat, protein and starch are three main components in kitchen waste, which account for 80% in total. With the aim of facilitating the 
recycling of kitchen waste, it is important to effectively separate these three components from it. In this paper, microwave radiation 
has been used in the separation of these three components. The effects of time and temperature on the contents of these three 
components in kitchen waste were analyzed and the extraction process was discussed. The results showed that both time and 
temperature had significant influence on the contents of these three components. The content of fat was firstly increasing, then 
decreasing, and the contents of protein and starch were firstly decreasing, then increasing, which meant that protein and starch were 
firstly separated from the kitchen waste, followed by the separation of fat. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of Tsinghua University/ Basel Convention Regional Centre for Asia and the Pacific. 
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1. Introduction 
Kitchen waste, generated in food production, transportation, distribution and consumption,1 is a very broad concept 
including food residues and waste oil. Accounting for about 60% to 70% of municipal solid waste,2 kitchen waste has 
become one of the most urgent problems worldwide because of its large quantity, wide generation and potential 
environmental hazards.3 In China, about 195 million tons of kitchen waste is generated per year.4 Since kitchen waste 
contains a lot of water and organics,5 it can encourage the growth of microorganism, thus promoting the spread of the 
decease if exposed in the air. Once this kitchen waste is eaten by animals, the disease can go into the bodies of human 
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beings through the food chain. Besides, kitchen waste can generate offensive odors which may pollute the air and even 
the environment.6 
On the other side, kitchen waste has a high content of organic matter. Among all the organic matters, fat, starch and 
protein are three main components in kitchen waste, which account for about 80% of the dry kitchen waste. All of the 
three can create recycling values. Fat can be a cheap feedstock for the production of biodiesel.7, 8 Starch can be 
converted into reducing sugars by hydrolysis.9, 10 Protein can be prepared for the production of high-purity animal 
feed.11 However, the recycling process of each component will be influenced by other two components. For example, 
the fat in kitchen waste may inhibit the process of microbial methods and the hydrolysis of starch,1 and high 
concentration of free ammonia (NH3) resulting from degradation of protein components can prove toxic to the specific 
activity of methanogenic bacteria, causing serious effects to the recycling process.12, 13 So it is of great importance to 
separate the three components apart to obtain the maximum recycling value of kitchen waste. 
Microwave separation technology is the highlighted research in recent years. Microwave is a kind of 
electromagnetic waves with the wavelength of 0.1mm~1mm. Microwave heating has many advantages over traditional 
heating in several aspects such as less heating time, strong penetration, overall heating, selective heating, etc.14, 15 
However, this technology has not been so widely used in the separation of different components from kitchen waste. 
This paper investigated the content variation of fat, protein and starch in kitchen waste under microwave radiation, 
with a brief analysis of the extraction process of these three components. 
2. Materials and method 
2.1 Materials 
Kitchen waste, as feedstock, is collected from Xiyuan Canteen of Tongji University. In order to get uniform 
samples, 42 samples were collected from Sunday to Saturday, which meant 6 samples per day including 3 lunch 
samples and 3 dinner ones. All the samples were dried, grinded and sifted. Then the composition of this kind of kitchen 
waste was measured by the Chinese National Standard. Results are shown in Table 1. 
Table 1. Composition of food waste in Xiyuan Canteen of Tongji University 
 Water content Dry matter Crude fats* Crude protein* Starch* Others* 
Average value (%w/w) 79.2 20.8 22.3 29.3 34.7 13.7 
*Percentage in dry matter of food waste 
 
All the chemicals used in experiments were purchased from Sinopharm Chemical Reagent Co., Ltd.  
2.2 Method 
The experimental process was conducted in a microwave reactor with a power of 1.2kW. 10.00g of samples and 
300mL of deionized water were added in it. Then the reactor was sealed and heated to a selected temperature. The 
reaction was timed when the temperature reached the selected value. After the reaction, the samples were taken out 
for centrifugation at a speed of 8000rpm for 10min. The solid sample in the under layer was transferred to a constant-
weight aluminum box. This box was then dried in an air-blower-drier at 105°C overnight. Then the contents of fat, 
protein and starch were measured by the following Chinese methods. (Table 2) 
Table 2. Methods for the determination of components in kitchen waste 
Components Methods 
Fat GB/T 14772-2008 
Protein GB/T 5009.5-2003 
Starch GB/T 20378-2006 
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3. Results and discussion 
3.1 The content variation of fat 
The effects of time and temperature on the content of fat are shown in Figure 1. 
Fig. 1. The content of fat at different temperatures and times under microwave irradiation 
Time and temperature both had significant influences on the content of fat in kitchen waste during the extraction 
process. The content of fat was first increasing then decreasing with time. The maximum value was observed at 120°C 
and 20min. It was also observed that high temperature could promote the process, for the peak value of 120°C was 
observed at 20min compared to 60min at 80°C. It is assumed that there should be the extraction of other components,16 
which led to the increase of the fat content during the initial 20 to 60 minutes. To get aware of the reason, the content 
variation of protein and starch was discussed in the following sections. 
3.2 The content variation of protein 
The results of the content variation of protein are presented in Figure 2.  
Fig. 2. The content of protein at different temperatures and times under microwave irradiation 
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Different from fat, the content of protein was firstly decreasing, then increasing a bit. The minimum content reached 
earlier at 120°C and 140°C. The minimum content of protein (25.1%) during the whole experiments was observed at 
140°C, 20min. High temperature could promote the variation on account of the lines of 80°C and 100°C were much 
smoother than that of 120°C and 140°C
The protein in the kitchen waste began to dissolve in the water with extension of time under microwave radiation, 
and the higher the temperature, the faster the dissolution process. The difference of chemical potential gradient 
between solid and liquid phase became less and less until the dissolution reached an equilibrium. Simultaneously, as 
mentioned above, the fat began to be extracted from kitchen waste, which led to a bit increase of the protein content. 
3.3 The content variation of starch 
The content variation of protein is given in Figure 3. 
Fig. 3. The content of protein at different temperatures and times under microwave irradiation 
Similar to protein, the content of starch was also firstly decreasing, then increasing a bit. The variation was more 
significant at 120°C and 140°C than at 80°C and 100°C. The minimum starch content (12.7%) was observed at 140°C, 
60min.  
With the increase of time, the starch started to dissolve in the water, and high temperature can promote the 
dissolution process. With the extension of the reaction, the difference of chemical potential gradient between the liquid 
and solid phase got less and less until equilibrium. Apart from that, the starch began to hydrolyze into reducing sugars 
at 120°C.17, 18 All of the above led to the decrease of the starch content during the first 40 to 60 minutes in the extraction 
process. After the completion of the dissolution and hydrolysis process, the content of the starch increased a little due 
to extraction of fat. 
3.4 The extraction process of different components in kitchen waste 
It can be concluded from the above analysis that during the initial 20 to 60 minutes, the dissolution of protein and 
starch occurred until equilibrium, which led to the decrease of protein and starch and the increase of fat. After 
equilibrium, resulting from the extraction of fat, the content decreased until the end of the reaction. 
Microwave is a non-ionizing radiation which can influence molecular movements, such as ions migration or dipole 
rotations, but do not change the molecular structure.19 If a molecule possesses a dipole moment, then, when it is 
exposed to microwave radiation, the dipole tries to align with the applied electric field. The dipoles constantly try to 
realign to follow electric field since the field oscillating.20 The material with a high dielectric constant can absorb 
microwave irradiation more and become more activated. The difference of dielectric constant among the three 
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components is the main reason for the extraction process. It is estimated that the starch and protein have strong abilities 
to absorb the microwave radiation, which makes these two easier to be extracted from kitchen waste than fat.  
4. Conclusion 
Time and temperature had significant influence on the content of all the three components under microwave 
radiation. The content of fat was firstly increasing, then decreasing, and the contents of protein and starch were firstly 
decreasing, then increasing. 
The extraction speeds of the three components were not the same. The extraction process of protein and starch were 
much faster than that of fat owing to the different dielectric constant. During the whole microwave radiation process, 
protein and starch were mainly extracted out in the initial 20 to 60 minutes, and then fat was separated from kitchen 
waste. 
Acknowledgements 
The authors gratefully acknowledge the analysis support from State Key Lab of Pollution Control and Resource 
Reuse, College of Environmental Science and Engineering, Tongji University, Shanghai, P. R. China. This research 
was financially supported by Grant of State Science and Technology Support Program (Program number: 
2010BAK69B24) and Grant of Shanghai Science and Technology Committee (Program number: 10dz0583201). 
References 
1. Suwannarat J, Ritchie RJ. Anaerobic digestion of food waste using yeast. Waste Manag 2015; 42: 61-6. 
2. Yang C, Yang M, Yu Q. An Analytical Study on the Resource Recycling Potentials of Urban and Rural Domestic Waste in China. 
Procedia Environmental Sciences 2012; 16: 25-33. 
3. Li F, et al. Characteristics of Food Residue in Accordance with Catering Habits. Advanced Materials Research 2014; 878: 459-465. 
4. Liu J, et al. Food losses and waste in China and their implication for water and land. Environ Sci Technol 2013; 47(18): 10137-44. 
5. Zhang R, et al. Characterization of food waste as feedstock for anaerobic digestion. Bioresource Technology 2007; 98(4): 929-935. 
6. Pham TPT, et al. Food waste-to-energy conversion technologies: Current status and future directions. Waste Management 2015; 38: 
399-408. 
7. Uzun BB, et al. Biodiesel production from waste frying oils: Optimization of reaction parameters and determination of fuel properties. 
Energy 2012; 44(1): 347-351. 
8. Karmee SK, et al. Conversion of lipid from food waste to biodiesel. Waste Manag 2015; 41: 169-73. 
9. Vavouraki AI, Angelis EM, Kornaros M. Optimization of thermo-chemical hydrolysis of kitchen wastes. Waste Management 2013; 
33(3): 740-745. 
10. Zhu G, et al. Production of reducing sugars from bean dregs waste by hydrolysis in subcritical water. Journal of Analytical and 
Applied Pyrolysis 2011; 90(2): 182-186. 
11. Yu Z, Preparation of protein feed using restaurant food waste involves removing impurities and large amount of water, heating, 
sterilizing, adding bacteria, fermenting, filtering, and drying residue. QINGDAO JIANENG ENERGY CONSERVATION (QING-
Non-standard). p. 4. 
12. Chen Y, Cheng JJ, Creamer KS. Inhibition of anaerobic digestion process: A review. Bioresource Technology 2008; 99(10): 4044-
4064. 
13. Rajagopal R, Masse DI, Singh G. A critical review on inhibition of anaerobic digestion process by excess ammonia. Bioresource 
Technology 2013; 143: 632-641. 
14. Krzan A, Zagar E. Microwave driven wood liquefaction with glycols. Bioresource Technology 2009; 100(12): 3143-3146. 
15. Tsubaki S, et al. Microwave-assisted hydrolysis of polysaccharides over polyoxometalate clusters. Bioresource Technology 2013; 144: 
67-73. 
16. Ren L-h, et al. Impact of hydrothermal process on the nutrient ingredients of restaurant garbage. Journal of Environmental Sciences 
2006; 18(5): 1012-1019. 
17. Hernoux-Villiere A, et al. Simultaneous Microwave/Ultrasound-Assisted Hydrolysis of Starch-Based Industrial Waste into Reducing 
Sugars. Acs Sustainable Chemistry & Engineering 2013; 1(8): 995-1002. 
18. Hernoux-Villiere A, et al. Task-specific ionic liquid for the depolymerisation of starch-based industrial waste into high reducing 
sugars. Catalysis Today 2014; 223: 11-17. 
19. Manco I, et al. Microwave technology for the biodiesel production: Analytical assessments. Fuel 2012; 95(1): 108-112. 
20. Refaat AA, El Sheltawy ST, Sadek KU. Optimum reaction time, performance and exhaust emissions of biodiesel produced by 
microwave irradiation. International Journal of Environmental Science and Technology 2008; 5(3): 315-322. 
 
